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During the first few months following the establishment of Brazilian 
strains of yellow fever virus in this laboratory a great many attempts 
were made to transmit the infection with A gdes (Stegomyia)  aegypti, 
which had previously engorged on rhesus monkeys in the early febrile 
stage of the disease.  Recently it has been found more practicable to 
maintain the strains by transfer of fresh or dried blood and tissues 
containing virus. 
Successful Transmission by Mosquitoes 
In Table I are listed eighteen fatal infections produced in monkeys 
by bites or injection of mosquitoes, or by a combination of the two 
procedures.  Fifteen of these infections were due to Brazilian strains 
and three to the Asibi, or African, strain.  In Table II the fifteen fatal 
infections are briefly compared with seventeen non-fatal  infections  due 
to the Brazilian strains. 
The average maximum temperature was  slightly higher in  fatal 
infections and the incubation period was usually shorter.  However, 
among non-fatal cases the incubation period varied a great deal, i.e., 
from less than twenty-four hours to fifteen days.  In three instances 
fever appeared on  the day following  the infective feeding.  These 
early fevers were due twice to the F. W. strain and once to the S. R. 
strain of viruS.  Stokes, Bauer and Hudson (1) give examples of mon- 
keys showing fever the day after they were fed upon by mosquitoes. 
The first rise in temperature to 104°F. occurred once on the ninth day, 
once on the tenth day, once on the fourteenth day and once on the 
fifteenth day.  Three of these four cases with rather prolonged incu- 
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bation time were proved to be yellow fever by successful transfer of 
blood or by infecting mosquitoes at  the time of the febrile access. 
It is presumed that the fourth case of fever (fourteen days' incubation) 
was also specific because the mosquitoes used had previously trans- 
mitted  the infection and  because suggestive lesions were found  at 
autopsy  a  few  days  after  the  attack.  Marchoux,  Salimbeni  and 
Simond (2) record an experiment in which a  human subject showed 
fever for the first time on the thirteenth day following inoculation. 
Production  of Immunity without Symptoms of Disease 
From October,  1928,  to February,. 1929,  forty-seven transmission 
experiments  were  attempted  with  lots  of  mosquitoes  which  were 
TABLE  II 
Comparison of Fatal and Non-Fatal Infections:  Brazilian Strains Only 
Fatal  ..................... 
Non-fatal  ................. 
Total cases 
M 
15 
17 
Average 
Average  febrile 
incubation 
period*  period 
Days** 
3.6  3.0 
5.3  3.5 
Average 
maximum 
tempera- 
ture 
105.4 
104.9 
Average 
number days 
from begin- 
rang experi- 
ment to 
death of 
monkey 
7.1 
*Days from application of mosquitoes to first fever. 
** A temperature of 104.0 has been accepted as indicating fever. 
thought to  be infected.  Most  of these lots were originally fed on 
monkeys on the first day of fever, a few were fed on the second day. 
In many instances two or more batches were used on the same animal. 
From this total are excluded experiments which utilized mosquitoes 
fed by Dr. Bauer on infected monkeys in Rio de Janeiro, mosquitoes 
fed on doubtfully infected rhesus monkeys in Bahia, and mosquitoes 
fed on native Brazilian monkeys.  Only twenty-three, or 48.9 per cent, 
of the experiments were successful. 
During this same period forty-nine direct transfers of blood were 
made from monkeys with fever to normal monkeys.  Three times the 
inoculation was made on the second day of fever and three times on 
the third day; in the other forty-three"  instances it was made on the 
first day.  In nine of the latter experiments, however, another transfer NELSON  C. DAVIS AND  RAYMOND  C. SHANNON  797 
was made on the second or third day from the same donor.  The series 
does not include the inoculation of fresh bloods from multiple sources, 
or the inoculation of dried blood or of tissues.  Forty, or 81.6 per cent, 
of  the  experiments  were  considered positive.  Nearly  all  of  these 
transmissions were carried out with Brazilian strains of relatively low 
virulence.  Four of the nine  negative results  were with the F. W. 
strain of virus which has always acted erratically. 
There was a considerable discrepancy between the number of posi- 
tive mosquito transmissions and the number expected, as judged by 
direct inoculation of blood.  The  animals which  failed to  react to 
mosquito bites were tested for immunity by the direct inoculation of 
blood or tissues containing virus.  In every case where the mosquitoes 
were fed in the first instance on  an animal known to have been in- 
fected, the monkeys bitten subsequently showed some degree of im- 
munity.  This  refers  only  to  transmission  experiments  with  the 
"yellow fever mosquito," Agdes aegypti; other species of mosquitoes 
will be considered in later publications. 
Table III summarizes the testing of thirteen animals which showed 
no  fever  from mosquito  bites.  In  some  cases  the  immunity test 
caused a febrile reaction.  M. rhesus No. B  15 was fed upon by mos- 
quitoes which had previously engorged on a Cebus monkey; the tem- 
perature following the immunity test rose  once to  104°F.  Besides 
the cases given in Table III, the records show fifteen other experiments 
with failure to produce fever in which the first host for the mosquitoes 
was a  rhesus monkey, also a  number involving Brazilian monkeys. 
Unfortunately, in many of these experiments the test virus was weak 
and results are correspondingly  less convincing. 
To the list in Table III might well  be added an experiment  on M. rhesus  No. D 1. 
This monkey  had been fed upon by certain mosquitoes  and inoculated with others, 
all from batches infected with F. W. strain of virus.  On the initial day the tem- 
perature was 103.9  °; on the following  day it was 103.8  °; on the fourth and fifth days 
it rose to 104  ° but it never went above this.  The rise was slight, but possibly 
significant.  On the sixteenth day the animal received a test dose of virus.  Simi- 
lar doses of this virus killed the control and eight other animals.  On the day of 
the test inoculation, No. D 1 had a temperature of 103.4  °.  The highest tem- 
perature noted during the observation period of the immunity test was 103.7  °, 
on the eighth day.  There are other records similar to that of No. D 1 which 
have been excluded  from consideration because of the empirical rule that a tem- 
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Certain lots of mosquitoes have produced fatal yellow fever in one 
monkey and no febrile reaction in  a  second.  For example, mosquito 
batch No. 22, infected from rhesus No. D  2, later caused the death of 
rhesus No. D  3,  but no fever in No. D  4.  Without the isolation of 
individual mosquitoes it is impossible to say whether all of the insects 
which fed on  the first animal also fed on  the second, although the 
majority of the batch engorged on each occasion. 
DISCUSSION 
The foregoing observations show that batches of mosquitoes, even 
if certainly known to carry the yellow fever virus, do not necessarily 
cause frank manifestations of disease in every animal upon which they 
feed.  Undoubtedly,  some of the monkeys which  fail  to  react are 
naturally immune, but our experience with direct transfers of blood 
and tissues proves that such animals account for only a  part of the 
total failure in mosquito transmission. 
It  has  been  shown  that  the  animals  which do  not  show  febrile 
reactions following the bites of infected mosquitoes are, nevertheless, 
resistant to further inoculations.  It would seem that the animals are 
immunized by subinfective doses of virus, with or without a slight rise 
in  temperature.  Immunization without  obvious  yellow fever con- 
forms with Finlay's  (3)  theories of protection and harmonizes with 
present views of sub-clinical immunization in other infections.  In our 
experiments every lot of mosquitoes had presumably reached the in- 
fective stage before biting was permitted. 
We have observed lots of mosquitoes to become infective when the 
fever in the host was slight and of short duration.  Fatal infections 
arose from the bites of mosquitoes fed on  animals with severe, al- 
though not necessarily fatal infections; and mild reactions or immu- 
nity without manifest disease followed the bites of mosquitoes fed on 
animals with either mild or severe infections. 
If it be permissible to use these experiments performed upon mon- 
keys to  help  elucidate certain factors in the epidemiology of yellow 
fever in man, we have a possible explanation for (1) widespread im- 
munity or partial immunity in a native population where frank cases 
of yellow fever are rare, and (2)  the presence of recognized sporadic 
cases where preceding cases of the disease cannot be traced.  It is NELSON C. DAVIS AND ]RAYMOND C. SHANNON  801 
suggested that in nature infected mosquitoes may establish immunity, 
or renew immunity, in several individuals for every one in which a 
frank attack of yellow fever is produced. 
A history of the strains of virus mentioned in this paper has been 
given in a previous publication (4). 
SUMMARY 
1.  Batches of Agdes (Stegomyia)  aegypti which had fed on monkeys 
in the early febrile stage of yellow fever and which has subsequently 
passed the usually accepted extrinsic incubation period for the virus, 
failed to transmit the disease to normal monkeys in  approximately 
fifty per cent of the experiments.  During the same time over eighty 
per cent of blood transfers were successful. 
2.  The monkeys which failed  to  show  fever following mosquito 
bites later proved resistant to the inoculation of blood or tissues con- 
taining virus. 
3. The incubation, or afebrile, period in monkeys following the bites 
of infected mosquitoes varied from less  than  twenty-four hours to 
fifteen  days.  It  averaged  somewhat  longer  in  non-fatal  than  in 
fatal infections. 
REFERENCES 
1.  Stokes, A., Bauer, J. H., and Hudson, N. P., Amer. Jour. Trop. Med., 1928, 8, 
103. 
2.  Marchoux, E., SMimbeni, A., and Simond, P.-L., Ann. Inst. Pasteur, 1903.17, 
665. 
3. Finlay, Carlos,  Cited by Sir Rubert Boyce  in"Yellow Fever and its Prevention," 
London, John Murray, 1911. 
4. Davis,  N. C., and Burke, A. W., Jour. Exp. Med., 1929, 49,975. 